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Plasma enhanced selective deposition of Si has been investigated using an ultraclean electron 
cyclotron resonance plasma. Selective homoepitaxy of Si without substrate heating has been 
achieved for the first time by decomposition of SiH, with a plasma generated from dilute H, in 
Ar mixtures.,.Moreover, the selectivity can be inverted to deposit Si films only on SiO, through 
changes in the plasma conditions. Based on the x-ray photoelectron spectroscopy analysis and 
experiments investigating growth with and without ion bombardment, it is concluded that 
competitive contributions of ion induced decomposition of SiH, and chemical etching with 
hydrogen radicals play important roles in the selectivity inversion. 
Low-temperature Si epitaxy as well as selective depo- 
sition will become increasingly important for the fabrica- 
tion of future semiconductor devices, e.g., as a via hole 
filling method for planarization, a diffusion microsource 
for accurate dopant profiles, etc.’ Plasma enhanced chem- 
ical. vapor deposition (PECVD) processing is extremely 
useful in enabling lower process temperatures. However, 
selective plasma deposition has been achieved only in lim- 
ited cases such as diamond homoepitaxy at high tempera- 
tures ( -900 “C) by microwave PECVD,2 and GaAs het- 
eroepitaxy on Si at 630 “C by electron cyclotron resonance 
(ECR) molecular-beam epitaxy method.3 To date, there 
has been no report of selective plasma deposition of Si films 
at low temperatures. In a recent study,4,5 low-temperature 
Si epitaxy without external substrate heating was realized 
for the first time using ultraclean ECR plasma processing, 
where, SiH4 was decomposed in an ultraclean Ar plasma 
under a low ion energy, i.e., damage suppressing, condi- 
tions. Under these conditions, Si film deposition was ob- 
served both on Si and Si02. Jp5 Electron diffraction patterns 
of these deposited films revealed that epitaxial growth oc- 
curred on Si while amorphous growth occurred on SiO,.“” 
Moreover, it was found in these studies that exposure of 
the wafer to a H2 added Ar plasma just before deposition 
was strongly effective in cleaning the Si surface. The 
present letter presents the effects of H, addition to the Ar 
plasma during the decomposition process of SIH,, which 
produce selective Si epitaxy only on Si as well as inverted 
selectivity with Si films deposited only on Si02. 
The ultraclean ECR plasma apparatus used in the 
present study has been described previously.6 The ultimate 
vacuum of the chamber generated by a magnetic- 
suspension-type turbomolecular pumping system is 
7 X lo-’ Pa. All gases used are of ultraclean grade.’ Silane 
gas was introduced into the deposition chamber, which is 
“‘Also with Laboratory for Microelectronics, Research Institute of Elec- 
trical Communication, Tohoku University. 
separated from the plasma generating chamber by an ap- 
erture 100 mm in diameter. Ar and H, gases were intro- 
duced into the plasma generating chamber. The plasma 
generated ions flow out of the plasma chamber and onto 
the wafer in the deposition chamber following a divergent 
magnetic field. At total pressures of 2 and 6 mTorr, the 
SiH4 partial pressures were 1 and 8 ,uTorr, respectively. 
The supplied microwave (2.45 GHz) power was 150 or 
700 W. The wafer susceptor was not externally heated, 
although the typical surface temperature of substrates was 
elevated up to - 200 “C during plasma irradiation.’ 
Si ( 100) substrates with a patterned thermal SiOZ film 
were used. After cleaning in several cycles in a 4: 1 solution 
of H2S04(98 wt %): H,0,(32 wt %> and in de-ionized 
(DI) water, the substrates were treated in HF( z-2 wt % ) 
to remove the native oxide and rinsed with DI water just 
before loading into the sample introduction chamber of the 
ECR apparatus. Predeposition plasma exposure of the sub- 
strates for cleaning purposes was not executed in this 
study. As the deposition rate of Si and the etching rate of 
Si and SiOZ are expected to vary depending on the amount 
of H, added to Ar and on the substrate materials, the 
deposited or the etched thickness was determined by step 
height measurements just before and after plasma process- 
ing in combination with selective wet chemical etching of 
part of the surface area using picein- wax (easily soluble in 
organic solvent) as a protector. A 1:60:60 solution of 
HF(50 wt %):HN0,(70 wt %):DI water was used for 
poly- and amorphous-Si etch with selectivity > 30 to SiO,, 
and HF( -2 wt %) was for masking Si02 etch with selec- 
tivity > 200 to Si. Each wet etch was stopped closely at an 
interface by utilizing change in the interference color of the 
film as well as hydrophilic nature of SiO, and hydrophobic 
nature of Si in dilute HF. The error in the step height 
measurement was less than 30 Ai which was mainly due to 
the electrical noise. The etched thickness of SiO, was also 
determined from the difference in ellipsometric measure- 
ments before and after plasma processing. The structure of 
the deposited film surface was evaluated by reelection elec- 
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FIG. 1. Dependence of deposition and etch rates for Si and SiOa on H2 
flow rate added to the Ar plasma for four different conditions. Total 
pressure and microwave power are included in the figure. The Ar flow 
rate was 3941 seem at 2 mTorr and 126-133 seem at 6 mTorr. Selective 
deposition can be achieved in the region indicated by the arrow (++) in 
each figure. Electron diffraction patterns for the indicated samples are 
also shown. Here, etching on SiOz means that the masking SiOa itself is 
etched. 
tron diffraction with the electron beam incident in the 
[Ol l] direction of silicon. Scanning electron microscopy 
(SEM) and x-ray photoelectron spectroscopy (XPS) have 
been utilized to observe and analyze the processed surfaces. 
Figures 1 (a)-1 (d) show the added H2 flow rate de- 
pendence of the deposition/etch rates for four different 
conditions. It is seen that with the addition of H, to the Ar 
plasma during processing, the deposition rates decrease 
and finally deposition is inverted into etching. The transi- 
tions from deposition to etching on Si and SiO, occur at 
different H, flow rates. Implying that conditions inducing 
selective Si deposition on Si with SiO, etching [Fig. 1 (a)] 
and on Si02 with Si substrate etchings [Figs. 1 (b)-1 (d)] 
are achievable by selecting the H, addition within the re- 
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FIG. 2. Fractured cross section of selectively deposited films observed by 
SEM. (a) Selective epitaxy on Si with SiO, etching (total pressure 2 
mTorr, SiH, partial pressure 1 PTorr, microwave power 700 W, and H, 
addition 0.1 seem) . (b) Selective deposition of polysilicon on SiO, with Si 
substrate etching (total pressure 6 mTorr, SiH, partial pressure 8 PTorr, 
microwave power 700 W, and H, addition 8.5 seem). 
gions indicated by arrows (++) in each figure. These selec- 
tive features are clearly observed in Figs. 2(a) and 2(b), 
which are the SEM photographs of the fractured surface of 
the two typical samples corresponding to Figs. 1 (a) aid 
1 (b ) , respectively. 
Each figure of Fig. 1 also contains t’he reflection elec- 
tron diffraction pattern of the deposited film under the 
typical selective deposition condition indicated. Under the 
conditions at a microwave power of 700 W, streaky spots 
are observed at a total pressure of 2 mTorr, showing epi- 
taxial growth on Si, and ring patterns appear at 6 mTorr, 
showing the polycrystalline film deposition on SiO,. On the 
other hand, halos are seen under the conditions at 150 W, 
indicating the amorphous film deposition on SiOZ, whereas 
the etched Si substrate surfaces showed spot patterns (data 
not shown). 
In the four selective deposition conditions [Figs.- 1 (a)- 
1 (d)], the degrees of contribution of plasma ions and 
atomic hydrogen can be compared as follows: It has been 
documented that the typical peak energy of ions in the 
ECR plasma system is a few electron volts at about 2 
mTorr and lower at higher pressures, and the plasma den- 
sity is higher at higher microwave power.8Y9 Thus, the 
plasma condition where the Si selective epitaxy with SiOZ 
etching occurs corresponds with that where the effects of 
ion incidence are strong. As for H2 addition, the absolute 
amounts of H2 addition to the Ar plasma that produced 
selective Si homoepitaxy [denoted by (-, in Fig. l(a)] are 
small compared with those that produced selective Si film 
deposition on SiO, [denoted by c, in Figs. 1 (b)-1 (d)], 
possibly indicating that hydrogen has a large contribution 
to the selective Si film deposition on Si02 with Si substrate 
etching. Amorphous deposition at a low power of 150 W 
may result from an insufficient contribution of a plasma 
enhancement to dissociation and crystallization processes, 
as well as from a smaller increase in the substrate temper- 
ature at a lower microwave power. 
Next, we discuss the reaction mechanisms. When the 
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FIG. 3. ?(pS spectra of Si atoms on the SiO, surface exposed to the 
plasma under the same selective Si epitaxial condition as that in Fig. 2(a). 
plasma was generated under a condition where Si films 
were normally selectivity deposited only on SiO,, but a 
shutter was utilized in order to interrupt the direct inci- 
dence of ions, no Si deposition on SiO, was observed. Un- 
der these conditions, however, the Si etch rate was only 
reduced to about 80% of the unshuttered case. Therefore, 
it is considered that the Si deposition on SiOZ is induced by 
the ion incidence while chemical reaction with hydrogen 
raclicals plays a dominant role in etching of the Si surface. 
For the samples with selective Si homoepitaxy, XPS spec- 
tra of Si atoms on the masking SiOZ surface were measured 
(see Fig. 3). Just after fmishing the process, the Si” peak is 
observed in addition to the Si4+ one. After subsequent 
exposure to air, the Si” peak height decreases, although the 
Si4+ speak scarcely changes. When SiH4 was not introduced 
in the process, this Si” peak on SiO, was missing and the 
SiOZ etch rate was doubled. These results show that the 
active Si” atoms on the SiO, surface originate from SiH, 
and they suppress the hydrogen radical etching of the 
masking SiO, under selective Si homoepitaxy conditions. 
From these results, it is considered that the transition from 
deposition to etching with the H, addition is a result of the 
competition at the surface between ion induced deposition 
from SiH, and radical etching with hydrogen. 
The observed selectivity indicates differences between 
the reactions on Si and on SiO,. A change in the plasma 
condition appears to change the balance of the contribu- 
tions of ion induced deposition from adsorbed SiH,-and 
hydrogen radical etching, which causes inversion from the 
selective homoepitaxy of Si to the selective Si film deposi- 
tion on SiOz. Possible causes of the differences in the reac- 
tions occurring ‘on Si and Si02 may be differences in ad- 
sorption site density, adsorption strength, effects of ion 
incidence, crystallinity and/or work function of the surface 
materials, etc. The temperature difference between the Si 
and the SiO, surfaces, which may arise from the plasma 
exposure, can be negligible in the present study, because 
the estimated value using thermal conductivity and inci- 
dent flux was less than the order of 10M3 “C!. W ith respect 
to the role of ion incidence, it is worthy to note that in a 
boundary region next to the SiO, mask, about 0.2-0.3 pm 
wide, the observed Si selective epitaxy thickness is reduced 
Fig. 2(a)]. This observation could be the result of a dis- 
turbance of ion incidence near the edge of the SiOZ region. 
However, further investigation is needed to clarify which 
effects are dominant and to find limitations for selective 
deposition. 
’ In conclusion, we investigated the effects of H, addi- 
tion on the ultraclean ECR Ar plasma decomposit ion of 
SiH, at the surface without external substrate heating. Se- 
lective deposition of Si was achieved by adjusting the added 
H, gas amount. Furthermore, changes in plasma condi- 
tions caused the inversion from selective hompepitaxy of Si 
to selective Si film deposition on SiO,. This selectivity in- 
version appears to result from a slight change in the bal- 
ance of competitive contributions of ion induced decompo- 
sition of SiH, and radical etching with hydrogen. 
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